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ABSTRACT  
Microalgae are a promising feedstock for biodiesel production. Harvesting of microalgal  
biomass is still a bottleneck to its commercial scale application, due to small cell size, low  
culture densities, colloidal stability and thus economic disadvantage. The aim of this study was  
to evaluate the biomass separation of the small size microalgae Chlorella sp. by electrochemical  
flotation process with rectangle electrodes using aluminum or iron plates. The most effective  
conditions for this experiment involved the use of an aluminum electrode for 30 min with a  
current density of 1.5 mA/cm
2
, whereas the iron electrode has been used ineffectively with the  
same of conditions. The effect of current density (0.5–3 mA/cm2), concentration of microalgae  
biomass (0.29–1.5 g/L), and electrolyte (0–2 g/L) for aluminum electrode were analyzed. The  
highest recovery efficiency of 90 % was obtained for Chlorella sp. at 1.5 mA/cm
2 
in 30 min and  
concentration of microalgae biomass of 0.74 - 1.5 g/L with power consumption of 1.36 kWh/kg.   
The electrochemical flotation process with aluminum electrodes could be a possible harvesting  
step at commercial scale for microalgal biomass production.  
Keywords: microalgae, electroflotation harvesting, aluminum electrode, Chlorella sp., biofuel.  
1. INTRODUCTION  
In the last decades, studies on microalgae have increased due to the wide range of  
applications and its environmental beneﬁts. Microalgae can be used as feedstock for the  
production of biofuels such as biodiesel, biomethane, bioethanol, biohydrogen and biobutanol  
[1,2] also can be used in the synthesis of different high-valued compounds, such as supplements  
for animal and aquaculture feed, cosmetics and pharmaceuticals [2]. Regarding the environment,  
microalgae can play an important role in treatment of wastewater also carbon dioxide  
sequestration [3, 4]. However, the use of microalgae in these green processes is still not  
economically viable. One of the main costs associated to microalgal production is the harvesting  
one, as it usually accounts for about 20–30 % of total cost [1]. Microalgae can be harvested by a  
number of methods such as sedimentation, flocculation, flotation, centrifugation and filtration or  
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a combination of any of these [1,5]. However, each has its disadvantages that affect the overall  
economics of the process. Centrifugation is an efficient technique but the high energy  
consumption makes it unsuitable for microalgal products of a low cost. Chemical flocculation and  
filtration are inefficient and time consuming methods for harvesting of small size microalgae [1].  
The formation of flocs during gas evolution in the electrochemical treatment of water and  
wastewater is called electrochemical flotation (ECF) [6]. It has been established that the material  
used in the electrodes plays an important role in the electrolytic processes. Aluminum and iron  
have been widely employed by researchers [7] as materials for electrodes in the  
electrocoagulation–flotation process. The ECF method was performed to cause electrolytic  
oxidation and significant microalgal biomass recovery. Microalgal cells carry a negative charge  
that prevents aggregation of cells in suspension. The electrodes of iron or aluminum suffer a  
dissolve to Fe
2+
 or Al
3+
 ions during water electrolysis, create hydroxide compound that carry a  
positive charge, and the suspended microalgae are destabilized. The micro bubbles of hydrogen  
are generated at the cathodes and capture the floating or suspended particles. Thus, offer the  
possibility of an innovative, cheap, and effective method of microalgae harvesting that requires  
little or no addition of chemicals. The focus of the present study is to develop an ECF process  
for harvesting of small size microalgae Chlorella sp. by investigation of effect-factors such as  
anode current density (ACD), electro-flotation time, concentration of microalgal biomass  
(MAB) and electrolyte NaCl. The harvested production is evaluated on both quality and cost.  
2. EXPERIMENTAL  
2.1. Microalgal species and determination method  
Microalgal species was Chlorella sp. F4 which was isolated from a pond in Son Tay  
(Hanoi) and maintained in INEST-HUST laboratory [8]. For the harvesting experiments, mass  
culture of Chlorella sp. F4 was cultivated in 50 L air-lift tubular photobioreactor (PBR) with  
culture volume of 30 L for 6 days. Diluted piggery wastewater was used as culture medium for  
Chlorella sp. F4 cultivation in PBR. During this period, the culture was kept under natural sun light.   
Lipid extraction of dry microalgae biomass was applied the modified Folch’s method  
which was described in previous publication [8]. Aluminum content in the harvested biomass  
was determined as in Vandamn’s paper [9], using ICP-MS (Perkin Elmer Elan 9000). These  
aluminum contents were deducted out of harvested microalgae content in order to get a pure  
biomass for calculating lipid yields of harvested biomass.  
2.2. Electroflotation tests  
The harvesting tests were conducted in an acrylic laboratory cell, having a size of 15 × 15 ×   
16 cm, at ambient temperature by using 2 L of microalgal culture. The cathode and anode  
electrodes with the same dimensions (15 × 12 × 1 cm) were made by aluminum (Al) or iron (Fe)  
plates. Two anodes were kept 6 cm apart on opposite sides and fixed to the cell casing, and a  
cathode was placed in the middle of the cell. Both anodes were connected to positive pole and  
cathode was connected to negative pole of the DC power supply. For measuring cell voltage and  
current, precision voltmeter and ammeter were incorporated in the circuit. To optimize this  
process, ACD, initial concentration of MAB and electrolyte were tested. During the ECF  
process, samples were collected at different time points (t) at 5 cm below the water surface in the  
  
Ha Vinh Hung, Vuong Van Quy, Doan Thi Thai Yen 
 
16 
ECF cell. The microalgal recovery efficiency was determined based upon the decrease in optical  
density of the microalgal suspension (measured at 680 nm [10] with a UV–VIS spectrometer,  
Lambda 25- Perkin Elmer) as η = [1−(ODf/ODi)] × 100 %, in which, ODi is the optical density  
of the suspension prior to the start of the ECF process, and ODf is the optical density of the  
suspension at time t. The power consumption E (in W.h) was calculated as E = (U  I  t), where  
U is voltage between two electrodes (V), I amperage in the circuit (A), t the time of the ECF  
treatment (h).   
3. RESULTS AND DISCUSSION  
3.1. Selecting a material of electrode  
The ECF process was evaluated using electrodes of both aluminum and iron to define the  
best electrode material for biomass separation and yield in the presence of 0.32 g/L of MAB at  
ambient temperature and ACD of 1.5 mA/cm
2
. Fig.1 shows the yield of microalgal biomass  
recovery versus electro-flotation time in the ECF system. As shown in Fig.1, the better electrode  
material is aluminum one. This behaviour can be attributed to the formation of aluminum and  
iron hydroxides. According to Faraday’s law, ion metals (Al3+ or Fe2+) were generated  
proportional to time leading to the formation of the hydroxide, and thus a decrease in the pH  
value of the solution. Therefore, the formation of Fe(OH)2 is more difficult than that of Al(OH)3.  
  
Figure 1. The yield of microalgal biomass 
recovery vs electroflotation time of Al and Fe 
electrode (MAB concentration 0.32 g/L, ACD 1.5 
mA/cm
2
 at ambient temperature). 
Figure 2. The effect of ACD on harvesting 
microalgal biomass using Al electrode (MAB  
concentration of 0.23 g/L at ambient 
temperature). 
3.2. Effect of anode current density  
The effect of ACD on the yield of microalgal biomass recovery is depicted in Fig. 2. It can  
be seen that increasing ACD in range of 0.5 to 3 mA/cm
2
 increased the yield of microalgal  
biomass recovery in the same time. With the increase of electric field strength, the electrical  
charges on the electrodes as well as generation of bubbles also amount of ion Al
3+ 
increased  
accordingly. This increase in charged particles would result in the effective recovery of  
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microalgae. This observation is consistent with the results reported by Misra et al. [10]. For  
selection of suitable ACD, in consideration of every angle of problem including power  
consumption and current efficiency is necessary. The power consumption of every case (Fig. 3)  
shows that the yield obtained over 96 % and low power consumption in case of 1 to 1.5 mA/cm
2
.  
Besides, the current efficiency in case of 1.5 mA/cm
2
 is higher than 1 mA/cm
2
 one (Table 1).  
Consequently, 1.5 mA/cm
2
 is the most suitable ACD for microalgal biomass recovery.  
  
Figure 3. The power consumption according to  
various ACDs (MAB concentration: 0.23 g/L).  
3.3. Effect of microalgal biomass concentration  
     
Figure 4. The harvesting yields of different MAB 
varied to harvesting time, at ACD of 1.5 mA/cm
2
. 
Figure 5. Effect of electrolyte (NaCl) 
concentration on microalgal recovery efficiency 
at ACD of 1.5 mA/cm
2
. 
In this study, the initial MAB concentrations of tested samples were 0.29 to 1.5 g/l. The  
harvesting yields were recorded every 10 minutes intervals, from 10 to 60 minutes and the ACD  
was maintained constant of 1.5 mA/cm
2
. Fig. 4 shows that the effect of MAB concentration was  
Table 1. The current efficiency, % 
Time, min 
ACD 
10 20 30 
0.5 mA/cm
2
 30.8 40.4 39 
0.75 mA/cm
2
 29 31,6 39.9 
1 mA/cm
2
 52.1 70,5 89.7 
1.5 mA/cm
2
 65.8 80.4 98.6 
2 mA/cm
2
 88 87.9 99.1 
3 mA/cm
2
 90.9 93.4 99.7 
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significant when the time around 30 – 40 min. After 30 min, the yield obtained maximum was  
87.4% when initial MAB concentration of 0.74 g/L. This could be attributed an increase in  
frequency of collision between microalgal cell and Al(OH)3 in culture in case of increasing cell  
density to 0.74 g/L. However, at MAB concentration higher than 0.74 g/L the amount of  
Al(OH)3 which was generated, was not enough for reduction of negative surface charge of  
microalgal cells. After 60 minutes the effect of MAB concentration almost is negligible.  
3.3. Effect of electrolyte concentration  
NaCl was chosen as the added electrolyte in order to reduce the power consumption of ECF  
process. Electrolyte concentration was varied by addition of 0.5, 1 and 2 g/L NaCl to the  
microalgal culture at ambient temperature and current density of 1.5 mA/cm
2
. Figure 5 shows  
the effect of different amounts of NaCl on microalgal recovery efficiency. In this range, the yield  
of ECF increases slightly with presence of NaCl. During 30 min, the yield achieved 92.6 % with  
the addition of NaCl 2 g/L, while it was 86.5 % without NaCl. However, the power consumption  
decreased significantly from 0.983 W.h to 0.468 W.h. This could be attributed to increasing  
conductivity due to presence of Na
+
 and Cl
-
 ions.  
3.4. The quality of microalgal biomass after harvesting  
MAB in this study has been purposed to be biodiesel feedstock [8]. A hypothesis was the  
ECF could not destructed microalgae cells, which led to release intracellular lipid of Chlorella  
sp. Aluminum contaminated in biomass and lipid content of harvested biomass were determined  
in order to evaluate the effect of ECF process to quality of MAB. The aluminum content in  
MAB harvested by ECF process is depicted in Fig. 6. It can be seen that increasing ACD in  
range of 0.5 to 3 mA/cm
2
 increased aluminum content contaminated in MAB recovery, in the  
same time. If so, recommend to use low ACD, that caused less energy consumption and less Al  
contamination in collected biomass. For the ACD of 1.5 mA/cm
2
, aluminum content about 9.6%  
with power consumption of 1.36 kWh/kg. Fig.7 shows that lipid content of harvested biomass,  
after deducting aluminum content, were same in all experiments of anode current densities and  
around 40%  of dry biomass. This indicate that the ECF process did not affect to lipid content in  
microalgae, so ECF can be used to harvest the microalgae biomass for biodiesel feedstock.   
         
Figure 6. Aluminum content in MAB harvested by 
ECF process. 
Figure 7. Effect of ACD on lipid content of MAB 
harvested by ECF process. 
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4. CONCLUSIONS  
Laboratory scale experiments were carried out to study the harvesting MAB by ECF  
process. Various parameters viz. anode current density, initial MAB concentration and  
electrolyte concentrations were studied. From that, the optimum ACD for the ECF process were  
found in the culture with MAB concentration of 0.74 g/L to be as 1.5 mA/cm
2
. The Faraday  
yield was 98.6 %. This work demonstrates that the addition of electrolyte is beneficial for energy  
reduction in the ECF process.   
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